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SYSTEM AND METHOD FOR DETECTING
OBJECTS IN VIDEO IMAGES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 63/088,231, filed Oct. 6, 2020,

the disclosure of which 1s hereby incorporated by reference
in 1ts entirety.

FIELD OF THE DISCLOSURE

The present mvention relates to recognizing objects in
video 1images, and more particularly, to systems and methods
for recognizing objects 1n video 1mages captured by 360°
field-of-view fisheye cameras.

BACKGROUND

While image processing Artificial Intelligence algorithms
are quite popular on identifying objects of interest (object
detection) within a given image frame or series of frames
(video), they are based on the principle that an 1image frame
1s rectangular and the objects will always appear with their
default orientation. More specifically a deep learning frame-
work 1s trained to 1dentily the objects of mterest by supply-
ing to it a big number of frames encapsulating and desig-
nating these objects. Since the cameras used to capture the
objects of interests are 2-Dimensional, the objects will
always appear with their “natural” orientation. At least some
known deep learning framework algorithms are trained to
recognize, classily and track objects of interest when these
objects appear with their natural orientation. These algo-
rithms fail to recognize the object of interest when the object
appears rotated at an angle different than 1ts nominal one.

The present mvention 1s aimed at one or more of the
problems 1dentified above.

SUMMARY OF THE INVENTION

In one aspect of the present mvention, a networked
computer system for recognizing objects 1n video images 1s
provided. The networked computer system includes a user
display device, a camera, and an object recognition system.
The camera includes an 1maging device having a 360°
field-of-view and a global positioning system (GPS) device
configured to transmit geographic location data including
information indicating the geographic location of the cam-
era. The object recognition system includes a processor
programmed to execute an algorithm including the steps of
receiving live-stream video 1mages from the camera, detect-
ing an object of interest within the live-stream video images,
determining pixel coordinates associated with a center of the
detected object of interest, rece1ving the geographic location
data from the camera, determining a geographic location of
the object of interest based on the determined pixel coordi-
nates and the geographic location of the camera, and dis-
playing the live-stream video images on the user display
device including a visual indicator of the object of interest
and the determined geographic location of the object of
interest.

In another aspect of the present invention, a method of
operating a networked computer system for recognizing
objects 1n video 1mages 1s provided. The networked com-
puter system 1including a user display device, a camera
including an imaging device having a 360° field-of-view and

10

15

20

25

30

35

40

45

50

55

60

65

2

a GPS device configured to transmit geographic location
data including information indicating the geographic loca-

tion of the camera, and an object recognition system 1nclud-
ing a processor. The method includes the processor performs-
ing an algorithm including the steps of receiving live-stream
video 1images from the camera, detecting an object of interest
within the live-stream video images, determining pixel
coordinates associated with a center of the detected object of
interest, receiving the geographic location data from the
camera, determining a geographic location of the object of
interest based on the determined pixel coordinates and the
geographic location of the camera, and displaying the live-
stream video 1mages on the user display device including a
visual indicator of the object of 1nterest and the determined
geographic location of the object of interest.

In yet another aspect of the present invention, a non-
transitory computer-readable storage media having com-
puter-executable instructions embodied thereon to operate a
networked computer system for recognizing objects 1n video
images 1s provided. The networked computer system includ-
ing a user display device, a camera including an 1maging
device having a 360° field-of-view and a GPS device
configured to transmit geographic location data including
information indicating the geographic location of the cam-
era, and an object recognition system including a processor.
When executed by the processor, the computer-executable
instructions cause the processor to perform an algorithm
including the steps of receiving live-stream video images
from the camera, detecting an object of interest within the
live-stream video 1mages, determining pixel coordinates
associated with a center of the detected object of interest,
receiving the geographic location data from the camera,
determining a geographic location of the object of interest
based on the determined pixel coordinates and the geo-
graphic location of the camera, and displaying the live-
stream video 1mages on the user display device including a
visual indicator of the object of interest and the determined
geographic location of the object of interest.

BRIEF DESCRIPTION OF THE FIGURES

Non-limiting and non-exhaustive embodiments of the
present invention are described with reference to the fol-
lowing figures. Other advantages of the present disclosure
will be readily appreciated, as the same becomes better
understood by reference to the following detailed descrip-
tion when considered 1n connection with the accompanying
drawings wherein:

FIG. 1 1s a schematic illustrating various aspects of a
system, according to the present invention;

FIG. 2 1s flowchart of an algorithm that may be imple-
mented by the system shown in FIG. 1 for recognizing
objects 1n video 1mages and presenting content on a device
display;

FIGS. 3 and 4 are schematic illustrations of graphical user
interfaces displayed on the device display including video
showing objects recognized by the system;

FIGS. 5-21 are 1llustrations of the algorithms that may be
implemented by the system shown in FIG. 1 for recognizing
objects 1 video 1images and presenting content on the device
display; and

FIG. 22 1s a schematic diagram of a camera that may be
used with the system shown 1n FIG. 1.

Corresponding reference characters indicate correspond-
ing components throughout the several views of the draw-
ings. Skilled artisans will appreciate that elements in the
figures are 1llustrated for simplicity and clarity and have not
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necessarily been drawn to scale. For example, the dimen-
sions of some of the elements 1n the figures may be exag-
gerated relative to other elements to help to improve under-
standing ol various embodiments of the present invention.

DETAILED DESCRIPTION

With reference to the drawings and in operation, the
embodiments of the present mnvention provide a system for
recognizing objects appearing 1n video images captured with
360° field-of-view (FOV) camera and determiming the geo-
graphic coordinates of recognized objects.

Referring to FIGS. 1-4, 1n the illustrated embodiment, the
present mvention includes a system 10 that 1s programmed
to detect and recognize objects 1n live-stream video 1mages,
determine the geographic locations of the recognized objects
in near real-time, and generate a graphic user interface on a
device display that includes a presentation of the video
images including visual indicators of the recognized objects
and corresponding geographical coordinates. The system 10
includes an object recognition system 12 and a training
system 14. The object recognition system 12 1s coupled to
one or more 1maging devices 16 for receiving live-stream
video 1mages from the imaging devices 16 and detecting and
recognizing objects 18 appearing in the live-stream video
images 20. The immaging devices 16 may include, for
example, a Quantum 360™ Rover Camera™ sold by
Defender™ LLC. The training system 14 1s programmed to
generate an 1mage recognition training model 22 that 1s used
by the object recognition system 12 to detect and recognize
the objects 18 appearing 1n the live-stream video 1mages.

The object recognition system 12 includes an object
recognition component 24, an object geolocation component
26, and a content component 28. The object recognition
component 24 1s programmed to receive live-stream video
images from the mmaging devices and identily recognized
objects appearing in the live-stream video i1mages. For
example, the object recognition component 24 may config-
ured to perform recognition processing of the objects 18 in
the video 20 to, for example, 1dentity a specific object (e.g.,
person) or multiple objects (e.g., people, vehicles, drones,
items, etc.) where the recognition processing 1s performed
using the training model 22.

The object geolocation component 26 1s programmed to
determine a geographic location of the objects 18 recognized
by the object recognition component 24 including the
object’s geographic coordinates 30. The content component
28 1s programmed to generate and display a graphic user
interface 32 including a presentation of the video 20, one or
more recogmzed objects 18, and corresponding geographic
coordinates 30 1n a device display 34. For example, the
content component 28 may be programmed to distribute the
presentation to one or more client personal devices 36. The
client personal devices 36 may include, for example, tablet
computers, laptop computers, desktop computers, smart
phones, and the like, that may be used by users watching the
video 1mages 20. The presentation may include a video
window 38 in which the live-stream video image 20 1s
presented. The presentation may also include a visual 1ndi-
cator 40 of the recognized object 18 and display the corre-
sponding geographic coordinates 30 adjacent to the visual
indicator 40. The video window 38 can include various
controls and indicators 42 such as forward, pause, fast
torward, reverse, fast reverse, speaker volume control, and
so on, commonly associated with user controls in viewing a
video.
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The training system 14 includes a training component 42
that 1s programmed to train the training model 22 using
training data 44. The training component 42 can be config-
ured to derive and output traiming data 44 from video
images, and use the training data 44 ultimately for 1denti-
fication of objects 18 1n the video 20 via the traiming model
22. The traiming component 42 may also be configured to
train the model 22 using a set of tagged (labeled) images of
the objects 18 to learn features of the objects 18. For
example, images of objects that are desired to be recognized
can be obtained and tagged for training the model 22. The
training component 42 may include an artificial intelligence
(Al) system 46 that processes full-frame 360-degree video
and still 1mages.

The Al system 46 may include an artificial neural network
(ANN) including a machine learning network comprising a
number of highly mterconnected processing elements (arti-
ficial neurons) that process information by their dynamic
state response to mputs including mputs dependent upon the
dynamic state response ol interconnected artificial neurons.
It can be, for example, a shallow neural network, deep neural
network (DNN), a recurrent neural network (RNN), Con-
volutional neural network (CNN), a Generative adversarial
network (GAN), a Capsule Neural Network (CapsNet), etc.
The ANN may include a number of lhighly interconnected
processing elements (artificial neurons) that process infor-
mation by their dynamic state response to external inputs.
The ANN may be arranged as a directed graph whose nodes
are artificial neurons and whose vertices are connections
between artificial neurons. Each neuron can be configured to
determine whether or not a weighted sum of 1ts inputs causes
an activation function to produce an output. In a layered
ANN, an iput layer 1s the first layer and receives at least
some of 1ts inputs from outside the ANN and an output layer
1s the final layer and provides at least some of 1ts outputs
outside the ANN. The layers between the first and final layer
are hidden layers. For artificial neurons in the hidden
layer(s) and the final layer, the mputs are outputs from the
artificial neurons 1n the preceding layer.

An artificial neural network can be defined 1n hardware
using a hardware component for each neuron and physically
interconnected the hardware components to form the artifi-
cial neural network. For example, each artificial neuron may
be simulated using programmed instructions that are
executed by a controller. Each artificial neuron may also be
a different controller or other circuitry configured to perform
the neuron’s function. An artificial neural network can be
defined in software for example using Python, Matlab or
Octave.

Each component may include one or more server com-
puters that each include a processing device that includes a
processor that 1s coupled to a memory device. The process-
ing device executes various programs, and thereby controls
components of the server according to user instructions
received from the other servers. The processing device may
include memory, e.g., read only memory (ROM) and ran-
dom-access memory (RAM), storing processor-executable
instructions and one or more processors that execute the
processor-executable instructions. The components of the
system 10 may be communicate via a communications
network such, as, for example, the Internet, a cellular
telecommunications network, a wireless network and/or any
suitable telecommunication network.

Referring to FIG. 22, in some embodiments the camera 16
includes a housing 48 containing a plurality of camera
components including an 1mage sensor assembly 50, a
positioning sensor assembly 52, a processing unit 34, and a
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power supply 56. The camera 16 may also include a mount-
ing assembly 58 coupled to the housing 48 to enable the
camera to be removable mounted to a vehicle.

In some embodiments, the image sensor assembly 50 may
include: Lens/Field of View (FOV): F/2.88, 11 clement
glass, Titanium frame, Continuous 360 degrees (H)x250
degrees (V), Dewarped region (100)Hx(60) V, Dewarped
region Full zoom (67)Hx(40) V; Onentation: Camera point-
ing Up or Down; Zoom: Digital zoomx6; and Resolution/

FPS: 2880x2880, 2048x2048, 1920x1920, 1728x1728,
1440x1440, 1200x1200, 720x720, 640x640, 480x480
selectable, FPS: up to 30 ips. The positioning sensor assem-
bly 52 may include: Sensors: GPS, IMU with Dual GPS for
accurate compassing option, NVIDIA GPU for deep leam-
ing object detection and tracking option. The processing unit
54 may include: Connectivity: High Power WiF1 (up to 1

W), 802.11b/g/n WiF1, up to 150 Mbps, Adjustable WiF1
Transmit Power, 150 Mbps (DL) 4G/LTE, Global LTE Band
Support, Full Scale Access Point, AP Station, Repeater,
10/100 Ethernet Port for direct Network connection, 5G
Support over WiFi/Ethernet; Compression: H264Base,
main, High, MIJPEG and zipstream adaptive compression;
Event triggers: Analytics, edge storage events; Event
actions: Record video: SD card and network share Upload of
images or video clips: FTP, SFTP, HT'TP, HT'TPS, network
share and email; Audio: Supported through Network enabled
microphone, Weight: 550 gr (1.2 lbs) (with magnet mount);
Network Security: Password protection, IP address filtering,
HTTPS encryption, IEEE 802.1X network access control,
digest authentication, user access log, centralized certificate
management; Recordings: Up to 90 days onboard, Record-
ings extraction and save to hard drive/cloud. The power
supply 536 may include 12-48V DC (jumper selectable),
Passtve POE. The mounting assembly 58 may include
Mounts: Magnetic mount option, M3 pass through holes,
M3 threads (x4), 4-20" threads, Custom mounts availabil-
ity, Spirit drone mount. The housing 48 may also be water-
prooi, dustproot, and include a replaceable Lexan™ dome.

In the 1illustrated embodiment, the system 10 includes a
networked computer system for recognizing objects 1n video
images. The networked computer system includes a user
display device 34, the camera 16, and the object recognition
system 12. The camera 16 includes an i1maging device
having a 360° field-of-view and a global positioning system
(GPS) device configured to transmit geographic location
data including information indicating the geographic loca-
tion of the camera 16. The object recognition system 12
includes a processor programmed to execute an algorithm
including the steps of receiving live-stream video images
from the camera, detecting an object of interest within the
live-stream video 1mages, determining pixel coordinates
associated with a center of the detected object of interest,
receiving the geographic location data from the camera,
determining a geographic location of the object of interest
based on the determined pixel coordinates and the geo-
graphic location of the camera, and displaying the live-
stream video 1mages on the user display device including a
visual indicator of the object of interest and the determined
geographic location of the object of interest. In some
embodiments, the system 10 also includes a training system
14 programmed to generate an 1mage recognition training
model 22 for use by the object recognition system 12. The
training system includes an artificial intelligence (Al) sys-
tem programmed to processes full-frame 360-degree video
images to train the image recognition training model. The
processor of the object recognition system 12 1s pro-
grammed to execute the algorithm including the steps of
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6

accessing the image recognition training model for use 1n
detecting the object of interest within the live-stream video
1mages.

With reference to FIGS. 2-21, 1n the 1illustrated embodi-

ment, the system 10 may be programmed to execute the
algorithms 200 and 300 for detecting objects 1 video
images recerved from an 1maging device having a 360-
degree FOV. The methods include a plurality of steps that
may be performed independently of, or 1n combination with,
other method steps. Portions of the methods may be per-
formed by any one of, or any combination of, the compo-
nents of the system 10.

In method step 202, the training system 14 1s programmed
to generate the traiming model 22 and tramn the object
recognition component 24 to recognize desired objects
appearing in video images received from the imaging device
16 including a 360-degree FOV fisheye camera.

Deep learning frameworks are trained to 1dentify a person
(e.g., object of interest) by a conventional 2-Dimensional
camera (for example a smartphone camera) and classify the
object as a “person”. The classification includes a “certainty
index” signifying the amount of confidence that the detected
object 15 a “person”. Readily available databases have been
created that can be used to train the deep learning frame-
works by supplying them with a big number of “object of
interest” 1mages. Diflerent libraries exist for training these
networks to identily, classily and track various types of
objects. Problems arise when the cameras used to identity
the objects are rotated 1n any axis, so the object of interest
does not appear with its natural orientation. For example, a
deep learning framework that was tramned to identily a
person 1n a natural orientation, does not recognize 1t when
the camera 1s rotated because the object appears tilted mside
the camera frame. Deep learning framework algorithms are
trained to recognize, classity and track objects of interest
when these objects appear with their natural orientation
(shown 1 FIG. 5). These algorithms fail to recognize the
object of interest when the object appears rotated at an angle
different than 1ts nominal one (shown 1n FIG. 6).

In the case of the fisheye cameras the objects orientation
within the frame 1s directly related with the spatial relation-
ship of the object with regards to fisheye lens. As shown 1n
FIG. 7, a person 1s standing 1n 4 different cardinal directions
around a fisheye camera 1include: Object position 1: Person
stands on the “0 degrees axis™ of the fisheye camera; Object
position 2: Person stands on the “90 degrees axis” of the
fisheye camera; Object position 3: Person stands on the “180
degrees axis” of the fisheye camera; and Object position 4:
Person stands on the “270 degrees axis” of the fisheye
camera. For each one of these objects positions the respec-
tive fisheye camera image frame 1s shown in FIGS. 8-11.
The object rotation as a spatial relationship with regards to
the camera location 1s shown in the image shown in FIG. 12
taken from a 180 degrees fisheye camera. As shown 1n the
images, a fisheye camera can only utilize known deep
learning algorithms in precisely the frontal region of the
camera because this 1s the only region where object will
appear undistorted (without rotation). Objects that appear 1n
different regions of the camera Field of View will not be
processed by these deep learning framework because these
objects appear rotated.

In the illustrated embodiment, the system 10 includes an
Al system 46 that processes Tull-frame 360-degree video and
still 1images 1n one pass. In doing so, the system 10 1s able
to detect multiple objects, either 1n motion, or stationary and
regardless of 1ts size, location, or orientation. Using this
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process, the system 10 will detect an object even 1t 1s not in
the user’s current field of view.

The system 10 takes the inputs from specialized cameras
that outputs the tull 360-degree video/image from a single-
lens. The 1nputs are very unique, 1n that it does not require
any stitching as 1t comes from a single lens. Traditional
methods of applying object detection 1s done on inputs with
a standard aspect ratio of 1:1, 4:3, 16:9, or 2.4:1 1n a
traditional “square™.

Currently, there exists multiple AI/ML models that waill
detect objects using the standard aspect ratios. However,
those models are limited as they do not account for the
objects not only changing size, but also changing orientation
multiple times as 1t moves across the entire frame of the
video.

The method of training used by the system 10, as
described herein, accounts for objects no matter their ori-
entation, location, or size. Additionally, the methods used by
the system 10 ensures that the object 1s tracked as 1t moves
across the entire 360-degree frame. In practical terms, an
object approaching can look right side up when approaching
the viewer and will appear to be rotated when moving past
the viewer.

Training: The training of the system 10 first starts with the
utilization of a deep learning neural network for an initial
extraction of the features. The features are also matched up
with the labels and the output 1s saved for further refinement.
The neural network used for this initial feature extraction 1s
trained on the publicly available object training sets. Once
the 1nitial features are extracted, the system 10 fine tunes the

features and evaluate the features to ensure they match the
labels generated. In training the models, the system lever-
ages both CPU and GPUs.

In the next step, the updated feature set 1s run through a
few more algorithms to generate multiple versions of the
object 1n a randomly rotated and sized manner. The algo-
rithms also randomly generate multiple versions of the
object at varying distances.

The steps above allow the system to have the ability to
detect an object, no matter where 1t 1s located 1n the mput or
what 1ts rotation 1s.

The data 1s then split up 1nto a two sets of data, one for
training and one for testing—thus ensuring the system has
source of truth by which to measure precision, recall, mean
average precision and also allowing the system to generate
the feature maps.

The actual model 1s based on the utilization of a combi-
nation of the standard Convolution Neural Network and a
single shot detector architecture (SSD) to make a single pass
and thus 1ncrease the accuracy of the system. The system 1s
trained over 53 layers. To allow for detection of multiple
objects and reduce training bias, the system also includes the
public 1mage dataset in the training along with the training,
inputs developed.

After the training of the model 1s complete, the system
evaluates outputs and then updates the features and hyper-
parameter tuning to increase the precision and recall as well
as speed. Next, mstead of retaining the entire system, the
system 10 utilizes transfer learning to start the training from
layer 45 and add in another 20 layers.

Once the traiming 1s complete, the model 1s run against the
test dataset and continue hyperparameter tuning; however,
randomized test sets are continually introduced to ensure the
system does not overfit the model.

Implementation: After the model has been trained, the
system 10 saves the serialized model for production. The
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model 1s placed 1nto a custom system that takes inputs, runs
them against the model, and generates an output of pixel
coordinates.

The system 10 uses websockets to provide for real-time
output communication with the front-end system, thus
allowing for a reduction in overhead normally associated
with RESTTul APIs.

The system 10 takes an input either in the form of an
image or an RTSP video from a camera. The system 10 will
process any video inputs into single frame images. The
images, once transformed, will then be passed to the model
which will configured to output text that will state the pixel
coordinates for the nearest center of mass for every object
detected 1n the frame.

As each frame or 1mage 1s processed, 1t will be output 1n
JSON {format and broadcast out to the websocket so that
every authenticated client connected to the websocket can
receive the mputs for processing.

Once the front-end system receives the pixel coordinates,
it can then further allow the user to determine which types
ol objects they wish to see as well as draw bounding boxes
(or circles) around the detected objects.

The output will also be saved into a database along with
the input video to allow for further updates to the training of
the model.

As shown 1n FIG. 13, as an outcome, the new method will
detect the objects of interest no matter their rotation inside
the frame. For example, the image shown 1n FIG. 14 shows
the proposed method detecting vehicles in all orientations
within the fisheye Field of View and denving their pixel
coordinates.

In method step 204, the object recognition system 12 1s
programmed to receive video images from the imaging
devices 16 and recognize desired objects 18 1n the video
images using the training model 22. For example, the object
recognition system 12 may receive data from the imaging
devices 16 including live-stream video i1mages captured
from a 360-degree FOV fisheye camera and telemetry data
including, but not limited to, a geographic location, eleva-
tion, and orientation of the imaging device 18.

In method step 206, the object recognition system 12
determines a geographic location of the recognized objects
18. For example, the object recognition system 12 may be
programmed to transpose the fisheye pixel coordinates to
calculate the detected object’s geographic coordinates.

The fundamental principle of fisheye lenses 1s that every
pixel of a hemispherical fisheye lens can be projected on a
fisheye disk as shown 1n FIG. 15. The fisheye disk 1s how the
imaging sensor represents the images (frames) created by
the fisheye lens as shown 1n FIG. 16.

Referring to FIGS. 17-20, every pixel (or small object
occupying a small number of pixels) appearing inside the
fisheye circle can be represented by a pair of @ (vaw) and O
(talt) angles that correspond to a given pair of pixel coordi-
nates 1nside the fisheye circle (as long the resolution of the
fisheye circle 1s given, for example 1440x1440 pixels). For
example, as shown i FIGS. 19 and 20, the pair of the
horizontal fisheye pixel x=720 and vertical pixel y=1260
correspond to the pair of pan angle, =90 degrees from the
top (nadir) of the fisheye image and the tilt angle, 0=45
degrees above the horizon.

This analogy allows the system 10 to correspond every
pair of pixels the center of an object appears to a pan/tilt
angle using the simple trigonometric functions based on the
right-angle theorem using the algorithm 300 shown 1n FIG.
21.




US 11,715,230 B2

9

When the fisheye lens 1s mounted on an elevated location
and pointing towards the ground (lens normal to the ground),
as long as 1ts location and elevation 1s known and its
orientation (attitude) with regards to the horizon and the
True North 15 also known then subsequently the bearing and
t1lt angle can be used to derive the latitude and longitude of
the corresponding object from the formulas below:
Formula 1: Given a start point, initial bearing, and distance,
this will calculate the destination point and final bearing
travelling along a (shortest distance) great circle arc.

k->=a sin(sin k,-cos O+cos k,-sin 0-cos @) Equation (1):

ho=A(+a tan 2(sin ¢-sin 0-cos k,, cos 0O—sin

k-sin k) Equation (2):

where k 1s latitude, A 1s longitude, ¢ 1s the bearing
(clockwise from north), 0 1s the angular

distance d/R; d being the distance travelled, R the earth’s
radius.
Formula 2:

Distance between camera and target object=camera

elevation/sin O Equation (3):

where 0 1s a tilt angle.

This process allows the system 10 to mnput to algorithm a
pair of fisheye pixels and derive their corresponding geo-
graphic coordinates utilizing 2D mathematics only and
without having to rely on 1image processing techniques for
dewarping the fisheye image. This approach utilizes mini-
mal processing power and can run 1n a low powered pro-
cessing unit for example 1nside the processor camera 1tself.

In some embodiments, the processor of the object recog-
nition system 12 1s programmed to execute an algorithm
including the steps of receiving live-stream video images
from the camera 16 and detecting an object of interest 18
within the live-stream video images, determining pixel
coordinates associated with a center of the detected object of
interest 18. The processor of the object recognition system
12 also receives the geographic location data from the
camera, determines a geographic location of the object of
interest 18 based on the determined pixel coordinates and
the geographic location of the camera 16, and displays the
live-stream video i1mages on the user display device 34
including a visual indicator 40 of the object of interest 18
and the determined geographic location of the object of
interest 18.

For example, the processor of the object recognition
system 12 may be programmed to determine the pixel
coordinates including an x-coordinate and a y-coordinate
and determine the yaw angle ¢ based on the x-coordinate
and determine the tilt angle 0 based on the y-coordinate. The
processor then executes Equations (1), (2), and (3), to
determine the geographic location of the object of interest
based on the yaw angle ¢ and the tilt angle 0.

In some embodiments, the processor of the object recog-
nition system 12 receives the geographic location data from
the camera 16 including an elevation of the camera 16 and
determines the geographic location of the object of interest
18 based on the elevation of the camera 16 using Equation
(3). The processor determines the angular distance o of the
object of interest 18 based on the elevation of the camera 16
and the t1lt angle 0. For example, the processor determines
the distance, d, between the camera 16 and the object of
interest 18 using Equation (3), then determines the angular
distance 0 equal to d/R. The processor then determines the
geographic location of the object of interest 18 based on the

determined angular distance 0.
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The processor of the object recognition system 12 1s also
programmed to receive the geographic location data includ-
ing a camera bearing and determine a bearing @ of the object
of interest 18 based on the camera bearing and the yaw angle
¢. The processor then determines the geographic location of
the object of interest 18 based on the determined bearing ¢
ol the object of 1nterest 18 using Equations (1) and (2). For
example, the processor may receive the geographic location
data including a latitude k, and a longitude A, ot the camera
16 and determine the geographic location of the object of
interest 18 including an object latitude k., using Equation (1)
and an object longitude A, using Equation (2) based on the
latitude and the longitude of the camera using Equations (1)
and (2). The processor may then display the visual indicator
40 including the object latitude k, and the object longitude
7“"2

In method step 208, the object recognition system 12
generates and displays the presentation on the device display
34 of one or more client devices 36 displaying the live video
images 20 indicating the recognized objects 18 and the
corresponding geographic coordinates 30.

Importing the derived pixel coordinates of the detected
object within the fisheye image into the algorithms described
herein allow the system 10 to accurately calculate the real
geographic coordinates of the detected object using simple
mathematics that do not require image processing tech-
niques. The only 1image processing part required 1s to run the
deep learning framework that i1s responsible for the object
detection, classification and tracking. But this process 1is
independent of the geolocation calculation that works not
only with detected objects pixel coordinates dertved by deep
learning frameworks but for every object that appears within
the fisheye lens field of view. The deep learning framework
can either run on a host computing device adjustment to the
camera (on the edge) for example an NVIDIA GPU or being
on a remote server (cloud based). Both architectures will
detect the objects and will return the pixel coordinates to the
algorithm described above.

Embodiments 1n accordance with the present invention
may be embodied as an apparatus, method, or computer
program product. Accordingly, the present invention may
take the form of an enfirely hardware embodiment, an
entirely software embodiment (including firmware, resident
soltware, micro-code, etc.), or an embodiment combining
solftware and hardware aspects that may all generally be
referred to herein as a “module” or “system.” Furthermore,
the present invention may take the form of a computer
program product embodied in any tangible media of expres-
s1on having computer-usable program code embodied in the
media.

Any combination of one or more computer-usable or
computer-readable media (or medium) may be utilized. For
example, a computer-readable media may include one or
more of a portable computer diskette, a hard disk, a random
access memory (RAM) device, a read-only memory (ROM)
device, an erasable programmable read-only memory
(EPROM or Flash memory) device, a portable compact disc
read-only memory (CDROM), an optical storage device, and
a magnetic storage device. Computer program code for
carrying out operations ol the present invention may be
written 1n any combination of one or more programming
languages.

Embodiments may also be implemented 1n cloud com-
puting environments. In this description and the following
claims, “cloud computing” may be defined as a model for
enabling ubiquitous, convenient, on-demand network access
to a shared pool of configurable computing resources (e.g.,
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networks, servers, storage, applications, and services) that
can be rapidly provisioned via virtualization and released
with minimal management eflort or service provider inter-
action, and then scaled accordingly. A cloud model can be
composed of various characteristics (e.g., on-demand seli-
service, broad network access, resource pooling, rapid elas-
ticity, measured service, etc.), service models (e.g., Software
as a Service (“SaaS”), Platform as a Service (“PaaS”),
Infrastructure as a Service (“laaS™), and deployment models
(e.g., private cloud, community cloud, public cloud, hybnid
cloud, etc.).

The flowchart and block diagrams in the tlow diagrams
illustrate the architecture, functionality, and operation of
possible 1implementations of systems, methods, and com-
puter program products according to various embodiments
of the present invention. In this regard, each block in the
flowchart or block diagrams may represent a module, seg-
ment, or portion of code, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). It will also be noted that each block of the
block diagrams and/or flowchart illustrations, and combina-
tions of blocks in the block diagrams and/or flowchart
illustrations, may be implemented by special purpose hard-
ware-based systems that perform the specified functions or
acts, or combinations of special purpose hardware and
computer mstructions. These computer program instructions
may also be stored in a computer-readable media that can
direct a computer or other programmable data processing
apparatus to function in a particular manner, such that the
instructions stored in the computer-readable media produce
an article of manufacture including 1nstruction means which
implement the function/act specified 1n the flowchart and/or
block diagram block or blocks.

Several (or different) elements discussed below, and/or
claimed, are described as being “coupled”, “in communica-
tion with”, or “configured to be 1n communication with”.
This terminology 1s intended to be non-limiting, and where
appropriate, be terpreted to include without limitation,
wired and wireless communication using any one or a
plurality of a suitable protocols, as well as communication
methods that are constantly maintained, are made on a
periodic basis, and/or made or initiated on an as needed
basis. The term “coupled” means any suitable communica-
tions link, including but not limited to the Internet, a LAN,
a cellular network, or any suitable communications link. The
communications link may include one or more of a wired
and wireless connection and may be always connected,
connected on a periodic basis, and/or connected on an as
needed basis.

A controller, computing device, server or computer, such
as described herein, includes at least one or more processors
or processing units and a system memory (see above). The
controller typically also includes at least some form of
computer readable media. By way of example and not
limitation, computer readable media may include computer
storage media and communication media. Computer storage
media may include volatile and nonvolatile, removable and
non-removable media implemented 1n any method or tech-
nology that enables storage of information, such as com-
puter readable instructions, data structures, program mod-
ules, or other data. Communication media typically embody
computer readable instructions, data structures, program
modules, or other data in a modulated data signal such as a
carrier wave or other transport mechanism and include any
information delivery media. Those skilled 1n the art should
be familiar with the modulated data signal, which has one or
more of 1ts characteristics set or changed 1n such a manner
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as to encode information 1n the signal. Combinations of any
ol the above are also included within the scope of computer
readable media.

The order of execution or performance of the operations
in the embodiments of the mvention illustrated and
described herein 1s not essential, unless otherwise specified.
That 1s, the operations described herein may be performed 1n
any order, unless otherwise specified, and embodiments of
the mvention may include additional or fewer operations
than those disclosed herein. For example, 1t i1s contemplated
that executing or performing a particular operation before,
contemporancously with, or after another operation 1s within
the scope of aspects of the invention.

In some embodiments, a processor, as described herein,
includes any programmable system including systems and
microcontrollers, reduced nstruction set circuits (RISC),
application specific integrated circuits (ASIC), program-
mable logic circuits (PLC), and any other circuit or proces-
sor capable of executing the functions described herein. The
above examples are exemplary only, and thus are not
intended to limit 1n any way the definition and/or meaning
of the term processor.

In some embodiments, a database, as described herein,
includes any collection of data including hierarchical data-
bases, relational databases, flat file databases, object-rela-
tional databases, object oriented databases, and any other
structured collection of records or data that 1s stored in a
computer system. The above examples are exemplary only,
and thus are not intended to limit 1n any way the definition
and/or meaning of the term database. Examples of databases
include, but are not limited to, only including, Oracle®
Database, MySQL, IBM® DB2, Microsoft® SQL Server,
Sybase@,, and PostgreSQL. Howeverj any database may be
used that enables the systems and methods described herein.
(Oracle 1s a registered trademark of Oracle Corporation,
Redwood Shores, Calif.; IBM 1s a registered trademark of
International Business Machines Corporation, Armonk,
N.Y.; Microsoft 1s a registered trademark of Microsoit
Corporation, Redmond, Wash.; and Sybase 1s a registered
trademark of Sybase, Dublin, Calif.)

The above description of illustrated examples of the
present invention are not intended to be exhaustive or to be
limitation to the precise forms disclosed. While specific
embodiments of, and examples for, the invention are
described herein for i1llustrative purposes, various equivalent
modifications are possible without departing from the
broader spirit and scope of the present invention.

What 1s claimed 1s:
1. A networked computer system for recognizing objects
in video 1mages, comprising:

a user display device;

a camera including;

an 1maging device having a 360° field-of-view; and

a global positioning system (GPS) device configured to
transmit geographic location data including informa-
tion indicating the geographic location of the camera;
and

an object recognition system including a processor pro-
grammed to execute an algorithm including the steps
of:

recerving live-stream video images from the camera;

detecting an object of interest within the live-stream video
1mages;

determining pixel coordinates associated with a center of
the detected object of interest including an x-coordinate
and a y-coordinate;
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determining a yaw angle based on the x-coordinate;

determining a tilt angle based on the y-coordinate;

receiving the geographic location data from the camera
including an elevation of the camera;
determining an angular distance of the object of interest
based on the elevation of the camera and the tilt angle;

determining a geographic location of the object of interest
based on the yvaw angle and the determined angular
distance of the object of interest; and

displaying the live-stream video 1mages on the user

display device including a visual indicator of the object
of mterest and the determined geographic location of
the object of interest.

2. The system of claam 1, wherein the processor is
programmed to execute the algorithm including the steps of:

receiving the geographic location data including a camera

bearing; and
determining a bearing of the object of interest based on
the camera bearing and the yvaw angle; and

determining the geographic location of the object of
interest based on the determined bearing of the object
ol interest.

3. The system of claam 1, wherein the processor 1s
programmed to execute the algorithm including the steps of:

receiving the geographic location data including a latitude

and a longitude of the camera; and

determining the geographic location of the object of

interest including an object latitude and an object
longitude based on the latitude and the longitude of the
camera.

4. The system of claam 3, wherein the processor 1s
programmed to execute the algorithm including the steps of:

displaying the visual indicator including the object lati-

tude and the object longitude.

5. The system of claim 1, further comprising a traiming,
system programmed to generate an 1image recognition train-
ing model for use by the object recogmition system, the
training system including an artificial intelligence (Al) sys-
tem programmed to processes full-frame 360-degree video
images to train the 1mage recognition training model;

wherein the processor 1s programmed to execute the

algorithm including the steps of:

accessing the image recognition training model for use in

detecting the object of interest within the live-stream
video 1mages.

6. A method of operating a networked computer system
for recognizing objects in video images, the networked
computer system including a user display device, a camera
including an imaging device having a 360° field-of-view and
a GPS device configured to transmit geographic location
data including information indicating the geographic loca-
tion of the camera, and an object recognition system 1nclud-
ing a processor, the method including the processor per-
forming an algorithm including the steps of:

receiving live-stream video images from the camera;

detecting an object of interest within the live-stream video

1mages;

determining pixel coordinates associated with a center of

the detected object of interest including an x-coordinate
and a y-coordinate;

determining a yaw angle based on the x-coordinate;

determining a tilt angle based on the y-coordinate;

receiving the geographic location data from the camera
including an elevation of the camera;

determining an angular distance of the object of interest

based on the elevation of the camera and the t1lt angle;
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determiming a geographic location of the object of interest
based on the yaw angle and the determined angular
distance of the object of interest; and

displaying the live-stream video images on the user

display device including a visual indicator of the object
of interest and the determined geographic location of
the object of interest.

7. The method of claim 6, including the processor per-
forming the algorithm including the steps of:

recerving the geographic location data including a camera

bearing; and
determiming a bearing of the object of interest based on
the camera bearing and the yaw angle; and

determining the geographic location of the object of
interest based on the determined bearing of the object
of interest.

8. The method of claim 6, including the processor per-
forming the algorithm including the steps of:

receiving the geographic location data including a latitude

and a longitude of the camera; and

determining the geographic location of the object of

interest including an object latitude and an object
longitude based on the latitude and the longitude of the
camera.

9. The method of claim 8, including the processor per-
forming the algorithm including the steps of:

displaying the visual indicator including the object lati-

tude and the object longitude.

10. The method of claim 6, including the processor
performing the algorithm including the steps of:

accessing the image recognition training model for use 1n

detecting the object of interest within the live-stream
video 1mages;

wherein the 1image recognition training model 1s trained

using a training system including an Al system pro-
grammed to processes lull-frame 360-degree video
1mages.

11. A non-transitory computer-readable storage media
having computer-executable 1nstructions embodied thereon
to operate a networked computer system for recognizing
objects 1n video images, the networked computer system
including a user display device, a camera including an
imaging device having a 360° field-of-view and a GPS
device configured to transmit geographic location data
including information indicating the geographic location of
the camera, and an object recognition system including a
processor, when executed by the processor the computer-
executable 1nstructions cause the processor to perform an
algorithm including the steps of:

recerving live-stream video images irom the camera;

detecting an object of interest within the live-stream video

1mages;

determining pixel coordinates associated with a center of

the detected object of interest including an x-coordinate
and a y-coordinate;

determiming a yaw angle based on the x-coordinate;

determining a tilt angle based on the y-coordinate;

recerving the geographic location data from the camera
including an elevation of the camera;

determiming an angular distance of the object of interest

based on the elevation of the camera and the tilt angle;

determining a geographic location of the object of interest
based on the yaw angle and the determined angular
distance of the object of interest; and
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displaying the live-stream video images on the user
display device including a visual indicator of the object
of interest and the determined geographic location of
the object of interest.
12. The non-transitory computer-readable storage media 5
of claim 11, wherein the computer-executable instructions
cause the processor to perform the algorithm including the
steps of:
receiving the geographic location data including a latitude
and a longitude of the camera; and 10

determining the geographic location of the object of
interest including an object latitude and an object
longitude based on the latitude and the longitude of the
camera; and

displaying the visual indicator including the object lati- 15
tude and the object longitude.
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